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We analyzed the data from Experiment 2 by the same ANOVA
procedures uﬁed to analyze Experiment 1. For the perform-
ance data (5) = .20), a significant main effect of prob-
lem isomorph obtalns, F (1, 39) = 5,13, p < .05. There is
no significant eSfect of sequence and no interaction. For
solution time () =-o18),; however3 there are no signifi-
cant treatment effects in the ANOVA.

When we inspected the comments and intermediate solutions
of our subjects, we again found cases of apparent comprehen-
sion failure. A total of five such cases were detected.
Sirce all five of these cases belonged to the temporal iso-
morph groups, we performed further ANOVA' s glscardlng the

data of these subjects. For performance = .50);
there are no significant main effects or lnteractions (for
the effect of probleg isomorph, F (1, 34) = 1.88, p < .2).

For solution time (X
cant effects.

(5) = .23), there are also no signifi-

In sum, when subjects are provided with a graphic repre-
sentational scheme, differences in performance and solution
time between the spatial and temporal problem isomorphs
diminish. Accordingly, the relative availability of a
graphic representation does emerge as an effective differ-
ence between the spatial and temporal isomorphs. We base
these conclusions, of course, on an acceptance of the null
hypothesis, something one generally wants to avoid. Howev-
er, if an isomorph difference as strong as that we measured
in Experiment I had been present in Experiment II, a power
analysis estimates that the probability of our finding it
would be at least .97.

Providing temporal subjects with a graphic representation
does not collapse all isomorph differences. The tendency
for temporal isomorph subjects to experience greater compre-
hension problems than the spatial isomorph subjects, noted
in discussion of Experiment 1, is still apparent. In fact,
the tendency for temporal isomorph subjects to experience
"comprehension failure" is significantly different from
chance, p < .005, by Sign Test, pooling across both experi-
ments. Five of 23 subjects in the temporal group in Experi-
ment 2 (and 3 out of 18 in Experiment 1) failed to adequate-
ly comprehend the problem, while none of the 22 subjects in
the spatial group fell into this category.

General Discussion

First, we will comment on the failure of the present
study to detect an effect of sequence of "presentation",
then we will discuss the effects of isomorph "presentation"
and "representation" that were detected. The sequence vari-
able was 1ntended to manipulate the degree to which the
implicit goal structure of the design problems were made
apparent to the subject-designer. In the HP condition,
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these goals were explicitly spelled out. In the CP condi-
tion, they were implicit in the clustering of the functional
requirements vis-a-vis the pages of the experimental book-
let. In the NSP condition, the goal structure was obscured.

Since we find no effect of sequence, one might want to
conclude that the transparency of a design problem's goal
structure doesn't matter -- at least in the case of our
design problems. Perhaps the design problem is too artifi-
cial and the subjects were just manipulating the A, B, C,
... entities formally and ignoring the details of the cover
story. However, neither the obtained differences between
isomorphs, nor the comments subjects spontaneously rendered
are consistent with such an "artificiality" argument. Sub-
jects often wrote notes on their solutions like "B is incom-
patible with everybody, I'll have to put him off by him-
self." These observations suggest that subjects were in-
volved with the cover story, and indeed, that to some extent
they approached the design problem as if it were a real
world problem.

It is also possible that the particular presentation
sequences we contrasted are largely ineffective, but that
some other sequence manipulations might indeed control per-
formance and solution time variables. For example, it might
be the case that sequence of presentation variables are
effective when they effectively structure a complex problem
into "sub-problems" (Thomas, 1974). Our three sequence
conditions equally did not allow the overall design solution
to be independently decomposed into sub-problems. Perhaps
significant effects would have been found with a sequence
manipulation in which subjects could, for example, design
the organization of shift number one based on the informa-
tion they are presented with on page one of the booklet,
shift number two based on information they receive on page
two, etc. Each shift could be designed (almost) independ-
ently of any other shift. Such a sequence manipulation
might obtain an effect on performance and solution time
measures in contrast to a set of sequencings which force
subjects to reanalyze their entire design each time they
received new information (i.e., like the sequence conditions
in the present study). This possibility remains for further
research. (See Carroll, Thomas, Miller, & Malhotra, 1978,
for work along these lines.)

Since providing subjects with a representation mitigates
the effect of the problem isomorph variable reported in
Experiment 1 vis-a-vis the spatial and temporal versions, it
seems that the difference between the two isomorphs can be
attributed, at least in part, to the relative availability,
or accessibility, of representations. Thus, it is argued
that a representational scheme is more available to subjects
in the spatial condition, and they are therefore able to
solve the problem faster and with greater success
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(Experiment 1). However, when subjects in both conditions
are provided with an equally powerful graphic representa-
tion, differences between the two isomorph conditions atten-
uate (Experiment 2).

Comprehension failures, however, are no less common in
the temporal isomorph group of Experiment 2 than they are in
the temporal group of Experiment 2. Hence, at least one
difference between the spatial and temporal isomorphs 1is not
neutralized by making a representation available. It ap-
pears that while the availability of a representation may
differentiate the two isomorphs with respect to "problem
solution"”, it does not differentiate them with respect to

"problem understanding". That is, having a graphic repre-
sentation seems to make the problem easier to solve, but not
easier to understand (but cf. Mayer, 1976). It is still

relatively more difficult to understand the temporal problem
(as indexed by comprehension failures) in both experiments.

Some additional perspective on these matters may be pro-
vided by pooling data from the two experiments, and analyz-
ing "representation" directly as a factor in an ANOVA. This
is justified in that the only difference between the materi-
als and procedure of the two experiments resides in whether
or not a representation was provided to the subject
(Experiment 2), or not (Experiment 1). A 2 X 2 ANOVA was
performed for the performance and solution time data of
Experiments 1 and 2 pooled for the factors of representation
(Experiment 1 versus Experiment 2) and isomorph presenta-
tion.

For performance 152 (3) = 1.66), the representation fac-
tor obtains F (1, 75) = 7.11, p < .01. This result shows
that the Experiment 2 subjects, who had a representation
provided, attained higher performance scores. Problem iso-
morph factor obtains F (1, 75) = 17.46, p < .001. This
shows that subjects in the spatial isomorph conditions at-
tained better performance scores overall. There is a non-
significant interaction of isomorph and repreientation, g
(1, 75) = 1.90, p < .2. For solution time (X° (3) = 1.49),
there are also main effects of representation, F (1, 74) =
43.45, p < .001, and isomorph presentation, F (1, 74) =
5.31, p < .05. These differences reflect the fact that
subjects 1n Experiment 1, who had no representation provid-
ed, obtained shorter solution times, as did subiects 1in the
spatial isomorph conditions overall. There 15 no represent-
ation by isomorph interaction.

As before, we have also computed the ANO¥A'S discardiny

comprehension failures. For performance (X° (3) = 1.62),
there is a main effect of representation, F (1,767) = 6.8%,
p < .025, and of problem isomorph, F (1, 67) = 9.43, p <
.005. The igteraction term is non-significant. For solu-

tion time (X

(3) = 1.20), the factor of representation
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obtains F (1, 66) = 29.90, p < .001, and the factor of iso-
morph presentation obtains F (1 ,66) = 2.92, p < .10. The
interaction term is non-significant.

These analyses argue that availability of a representa-
tion does not exhaust the difference between spatial and
temporal isomorphs. The factor of problem isomorph obtains
significant main effects in the pooled analysis, and does
not interact significantly with the factor of representa-
tion. Hence, we still cannot rule out the influence of what
we referred to earlier as conceptual differences.

The effects of the representation factor itself suggest
some further hypotheses about the role of representation in
problem solving. There is a highly significant tendency for
subjects in Experiment 2 to take more time in solving the
design problem, independent of isomorph presentation. Fur-
ther, there was a significant tendency for these subjects to
obtain higher performance scores.

Perhaps, the longer solution times in the Experiment 2
are merely due to the fact that these subjects had more to
learn (i.e., they had to learn to use the representation).
We tried to eliminate this possibility by not including the
instruction period in the solution time. However, it could
be that subjects did not realize their lack of understanding
of the representational scheme until after the instruction
period, and hence the time they spent learning the repre-
sentation was actually included in their solution time. On
this view, the advantage of the graphic representation lies
perhaps in its providing to the subject a recording medium
that helps maintain and integrate previous intermediate
solutions (see Greeno, 1975).

Another possibility, however, is that the improved per-
formance of the representation subjects is more directly
related to the longer amount of time they spend on the prob-
lem. In this view, the benefit of the representation re-
sides in its encouraging the subject to work longer on the
problem. Indeed, this could be just the sense in which a
representation can function as a problem solving aid. 1In
any case, the present experiment does seem to indicate that
graphic representations can act as aids in ill-structured
temporal design problems -- and thus is a preliminary empir-
ical justification for the use of such aids in real world
temporal design task environments like computer programming
(see van Tassel, 1974, for discussion of "flow-charting" and
related aids).

el
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Summar

The present investigation suggests that the efficacy of
graphic representations in solving well-structured deduction
problems (e.g., Schwartz, 1971), may generalize to 1ill-
structured problem domains like design. Furthermore, it was
suggested, certain presentations of problem information
encourage graphic representation and are (thereby) rendered
easier to solve (spatial versus temporal in Experiment 1).

This study also elaborates previous analyses of problem
isomorphism, distinguishing, in particular, between spatial
and temporal isomorphs. The spatial isomorph, in the pres-
ent study, obtained better performance and faster solution
times (Experiment 1), and occasioned fewer comprehension
failures than the temporal isomorph. This shows that the
- intuitive distinction between time and space, like the
"transfer" and "change" comparison studied by Simon and
Hayes (1976), can be an effective variable in presentating
problem information. We have also attempted to clarify the
basis of isomorph differences, suggesting that these differ-
ences reside in the extent to which a problem statement
makes a useful representational scheme available, or acces-
sible, to the problem solver (see Simon and Hayes, 1976).

Finally, we have developed a paradigm which allows for
objective assessments problem solving behavior in relatively
ill-defined problem solving environments.

Footnotes

* We thank Roger Evans for programming the ANOVA rou-
tines used in analyzing the data presented here, Martha
McRea for assisting in the data analysis, and Lance Miller
and Don Nix for commenting on an earlier version of this
report.

L We use the Method of Expected Equal Frequencies
throughout. We have also checked these results using the
Method of Proportional Frequencies (Ferguson, 1971, page
239-241), and find no discrepancies.

2 One subject failed to signal the experimenter when he
finished the problem, and as a result had no solution time
recorded.

3 One of the 45 subjects failed to signal the experimen-

ter upon completion of the problem. As a result, one solu-
tion time is missing.

e SR
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Appendix

1. Functional Requirements for Temporal Isomorph

uses the same resources as B,

uses different resources than A,

uses the same resources as G,

uses different resources than D,

uses the same resources as B,

uses different resources than F,

The total number of shifts required should be as small as
possible,

should precede stage D,

"should follow stage G,

should follow stage C,

should precede stage E,

should follow stage G,

should precede stage F,

is higher priority manufacturing stage than B,
is lower priority manufacturing stage than B,
is lower priority manufacturing stage than C,
is higher priority manufacturing stage than F,
is higher priority manufacturing stage than G,
is lower priority manufacturing stage than D.

QmOwmp
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2. Functional Requirments for Spatial Isomorph

is incompatible with B,

is compatible with A,

is incompatible with G,

is compatible with D,

is incompatible with B,

is compatible with F,

The total number of corridors office space is rented on
should be as small as possible,

uses the accounting records more than does D,

meets people in the reception area more than does G,
meets people in the reception area more than does C,
uses accounting records more than does E,

meets people in the reception area more than does G,
uses the accounting records more than does F,

has more prestige than B,

has less prestige than B,

has less prestige than C,

has more prestige than F,

has more prestige than G,

has less prestige than D.

QmOQwmy
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Reference Note

Carroll, John M., John C. Thomas, and Ashok Malhotra. The
structure of behavior in design problem solving.
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